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(54) Method of reproducing multimedia data and multimedia data server system 



(57) In a method for reproducing multimedia data 
recorded over plural optical disks, using an optical disk 
library unit having at least two, first and second, optical 
disk drives, multimedia data recorded in one of the opti- 
cal disks is read and reproduced in the first optical disk 
drive and, during the reading and reproduction, the next 
optical disk is mounted in the second optical disk drive. 
Reading and reproduction of multimedia data recorded 
in the next optical disk mounted in the second optical 
disk drive are started immediately after the reading of 
the multimedia data recorded in the optical disk in the 
first optical disk drive is completed- Therefore, it is pos- 
sible to continuously reproduce the multimedia data 
without interruption due to exchange of the optical 
disks. 
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Description 



FIELD OF THE INVENTION 



s The present invention relates to a method of reproducing multimedia data recorded over plural optical disks, using 

an optical disk library unit containing an optical disk drive or plural optical disk drives, and a method of reproducing mul- 
timedia data in response to plural requests for reproduction, using an optical disk library unit including at least one opti- 
cal disk drive. The invention also relates to a multimedia server system equipped with an optical disk library unit that 
deals with plural optical disks using an optical disk drive or plural optical disk drives, in which a server distributes mul- 

w timedia data recorded in the optical disks to plural clients. 

BACKGROUND OF THE INVENTION 

In recent years, multimedia server systems have attracted a lot of attention. In a typical multimedia servensystero, 
is a plurality of multimedia data including, for example, image data, voice data, and character data, are recorded in a stor- 
age device and, on a server-client system network, the server reads out the multimedia data from the storage device in 
response to the client's request and transmits the data to the client wherein the data is reproduced. In such a multime- 
dia server system, when moving image data is transmitted, a sufficiently high transmission speed is required for contin- 
uous reproduction of the data. Hence, the storage device is desired to perform high-speed reading and writing of data. 
20 However, a high-speed storage device, such as a hard disk, is expensive. Since the multimedia server system needs a 
mass storage device, such as an RAID using a plurality of hard disks, the price of the system increases significantly. In 
order to spread the multimedia server system by reducing the price, in recent years, a multimedia server system 
employing, as a mass storage device, a library unit that deals with plural optical disks, which are cheeper than hard 
disks, has been developed. 

25 A description is now given of a multimedia server system employing an optical disk library unit, and a method of 
reproducing multimedia data in the system. 

Figure 27 is a block diagram illustrating a prior art multimedia server system employing an optical disk library unit. 
In figure 27. reference numeral 500 designates an optical disk library unit containing a plurality of optical disks wherein 
a plurality of multimedia data are recorded. These multimedia data are data including image data and compressed 

30 according to a format based on general MPEG method. Reference numeral 400 designates a server, numeral 600 des- 
ignates clients, and numeral 650 designates a network connecting the server 400 to the clients 600. The server 400 
reads multimedia data from the optical disk library unit 500 in response to requests from the clients 600 and distributes 
the data to the clients 600. The clients 600 request the server 400 to read multimedia data, receive the multimedia data, 
and reproduce the multimedia data. Reference numeral 550 designates a connection between the optical disk library 

35 unit 500 and the server 400, on the basis of SCSI (Small Computer System Interface) standard or the like. 

Figure 28 is a schematic diagram illustrating the structure of the optical disk library unit 500. In figure 28, reference 
numeral 501 designates an optical disk in which multimedia data is recorded, and the recorded multimedia data is proc- 
essed for a logical block as a unit. Reference numeral 502 designates a storage shelf comprising plural slots, each con- 
taining an optical disk. Reference numeral 503 designates an optical disk drive for reading multimedia data from the 

40 optical disk 501 or writing multimedia data in the optical disk 501. Reference numeral 504 designates a conveyer for 
conveying the optical disk 501 between the storage shelf 502 and the optical disk drive 503. Reference numeral 505 
designates a controller for controlling the conveyer 504 and the optical disk drive 503 on the instruction of the server 
400. 

Figure 29 is a block diagram illustrating the structure of the server 400. In figure 29, reference numeral 401 desig- 
ns nates a library control means for controlling the optical disk library unit 500 connected to the server 400. Reference 
numeral 402 designates a control means for controlling reading and transmission of multimedia data in response to the 
requests of the clients. Reference numeral 403 designates a data transmitting and receiving means for exchanging data 
with the clients through the network 650. Reference numeral 404 designates a recording content storage means storing 
a title specifying multimedia data, an optical disk in which the multimedia data is recorded, and a position on the optical 
so disk where the multimedia data is recorded. 

Figure 30 is a block diagram illustrating the structure of the client 600. In figure 30. reference numeral 601 desig- 
nates a reproduction request accepting means for accepting a request for reproduction of multimedia data from a user. 
Reference numeral 602 designates a data reproducing means for reproducing multimedia data sent from the server 400 
and displaying the data on a display unit 603. Reference numeral 604 designates a data transmitting and receiving 
55 means for exchanging data or requests with the server 400 through the network 650. 

Figure 31(a) shows the data structure of information stored in the recording content storage means 404 within the 
server 400. As shown in figure 31(a). the recording content storage means 404 stores a title of each multimedia data 
recorded in an optical disk, information for identifying the optical disk in which the multimedia data having the title is 
recorded (hereinafter referred to as an identification number of the optical disk), a logical block address showing the 
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position on the optical disk where the multimedia data is recorded, and a slot number showing the position of the optical 
disk in the storage shelf 502. 

Figure 31(b) shows examples of the stored data. In this case, multimedia data with a title "multiOS" is recorded in 
an optical disk "disk#3" in a position from a logical block 0 to a logical block 891 1 . and this optical disk is contained in a 
5 slot #1 1 in the library unit. ♦ 

Figure 32 is a flowchart for explaining a method for reproducing multimedia data using the prior art multimedia 
server system. . 

Initially, in step 1, a user requests reproduction of multimedia data to the reproduction request accepting means 
601 in the client 600 by designating the title of the multimedia data, for example, "multiOS". 
io In step 2, the request for reproduction of "multiOS" is transmitted from the reproduction request accepting means 
601 to the data transmitting and receiving means 604. Further, the request is transmitted through the network 650 to 
the server 400. In the server 400, the request from the client 600 is received by the data transmitting and receiving 
means 403. and the control means 402 checks the data in the recording content storage means 404 to find the optical 
disk having the multimedia data requested by the client 600. More specifically, since the recording content storage ;t 
is means 404 stores the data shown in figure 31(b), the control means 402 finds the identification data of the optical disk, 
the storage position of the optical disk, and the position of the requested data on the optical disk, on the basis of the 
title "multiOS" of the requested multimedia data. In this case, the control means 402 finds that the desired multimedia 
data "multiOS" is recorded in a range from logical block address 0 to logical block address 891 1 on the optical disk 
"disk#3 M contained in the slot #1 1 in the storage shelf. 
20 In step 3. the control means 402 confirms, through the library control means 401 . whether the optical disk "disk#3*' 
is mounted in the optical disk drive 503 in the optical disk library unit 500. When the optical disk is not mounted in the 
drive 503, in step 4, the control means 402 instructs the library control means 401 to convey the optical disk "disk#3" 
from the slot #1 1 of the storage shelf 502 to the optical disk drive 503. When the optical disk "disk#3" is already 
mounted in the optical disk drive 503. the control means 401 proceeds to step 5. 
25 In step 4. the library control means 401 controls the optical disk library unit 500 so that the optical disk "disk#3" in 

the library unit 500 is conveyed from the storage shelf 502 to the optical disk drive 503. The controller 505 in the optical 
disk library unit 500 controls the conveyer 504 to take the optical disk "disk#3" from the slot #1 1 of the storage shelf 502 
and insert the optical disk in the optical disk drive 503. 

After confirming whether the optical disk "disk#3" is mounted in the drive 503. the control means 402 proceeds to 
30 step 5. In step 5, the control means 402 instructs the optical disk library unit 500 to read multimedia data, through the 
library control means 401 , on the basis of the logical block address obtained from the recording content storage means 
404. In the optical disk library unit 500, the controller 505 instructs the optical disk drive 503 to read multimedia data 
from the designated logical block address 0. Then, the server 400 receives the multimedia data read from the optical 
disk, and the data transmitting and receiving means 403 transmits the multimedia data, through the network 650. to the 
35 client 600. followed by step 6. 

In step 6. the multimedia data is received by the data transmitting and receiving means 604 in the client 600 and 
reproduced by the data reproducing means 602. 

Next, in step 7, it is judged whether all the data recorded in the logical block addresses 0 ~ 8911 are reproduced. 
When the reproduction is not completed yet. the above-mentioned reading, transmission, and reproduction of the mul- 
40 timedia data are repeated. 

In the method for reproducing multimedia data using the prior art network system, when the multimedia data 
requested by the client is recorded in a single optical disk, this data can be continuously output from the server and con- 
tinuously reproduced in the client. However, if the requested multimedia data is recorded over plural optical disks, read- 
ing and transmission of this data are not performed when the optical disks are exchanged. Consequently, reproduction 
45 of the data is unfavorably interrupted due to the exchange of the optical disks. 

As described above, the optical disk library unit can store a mass of multimedia data at a relatively low cost. How- 
ever, in many cases, multimedia data, such as image and voice, is recorded over plural optical disks. Hence, such an 
interruption in reproduction of multimedia data is an undesirable matter for the multimedia server system. 

A description is now given of a case where plural clients request for reproduction of multimedia data from a single 
so optical disk at the same time. It is assumed that two lines of MPEG1 data respectively recorded on an outer circumfer- 
ence and an inner circumference of an optical disk are reproduced using an optical disk drive having the following per- 
formances: maximum seek time of about 750 msec; maximum rotation waiting time of about 30 ms; effective 
transmission rate in a range from 520 KBytes/sec (inner circumference) to 1 150 KBytes/sec (outer circumference). 
In order to reproduce the two data lines continuously, data of 1 87 KBytes/sec must be read out from both the inner 
ss circumference and the outer circumference. The maximum time required for the reading is calculated as follows: 
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data reading time 

= rotation waiting time * 2 + inner circumference data transmission time 
+ outer circumference data transmission time + seeking time 
5 = 30 *2 + 187/520*1024 + 187/1150*1024 + 750 (ms) 

= 1344 (ms) 
= 1.3<s> 

io Since the data reading time exceeds one second, it is not possible to read out data at a sufficient speed for contin- 
uous reproduction. That is, in this case, reproduction of multimedia data is interrupted. As mentioned above, the possi- 
bility of reproduction in response to plural requests from plural clients to a single recording medium depends on the 
recording medium and the performance of the device processing the recording medium, i.e., it depends on the speed 
of reading or writing data on the recording medium. Therefore, when plural clients request, at the same time, reproduc- 

is tion of multimedia data recorded in a high-speed storage device, such as a hard disk (magnetic disk), the storage 
device can deal with the requests. However, when an optical disk drive having a relatively low data reading speed is 
employed, if the clients' requests for reproduction of data concentrate on a single optical disk, the reproduction is unfa- 
vorably interrupted as described above. 

20 SUMMARY OF THE INVENTION! 

An object of the present invention is to provide a method for continuously reproducing multimedia data recorded 
over plural optical disks. 

Another object of the present invention is to provide a method for reproducing multimedia data, that can avoid 
25 unwanted interruption in reproduction when plural requests for reproduction of multimedia data are received, by check- 
ing the requests given to multimedia data recorded on the same optical disk and refusing the request that exceeds the 
performance of the optical disk drive. 

Still another object of the present invention is to provide a multimedia server system that can continuously distribute 
multimedia data recorded over plural optical disks, to clients, by a server equipped with an optical disk library unit. 

A further object of the present invention is to provide a multimedia server system that can avoid unwanted interrup- 
tion in reproduction when plural requests for reproduction are received, by checking whether or not the requests con- 
centrate on the same optical disk to exceed the performance of the optical disk drive. 

Other objects and advantages of the invention will become apparent from the detailed description that follows. The 
detailed description and specific embodiments described are provided only for illustration since various additions and 
modifications within the scope of the invention will be apparent to those of skill in the art from the detailed description 
According to a first aspect of the present invention, in a method for reproducing multimedia data recorded over plu- 
ral optical disks, using an optical disk library unit having at least two. first and second, optical disk drives; multimedia 
data recorded in one of the optical disks is read and reproduced in the first optical disk drive and, during the reading 
and reproduction, a next optical disk is mounted in the second optical disk drive; and reading and reproduction of mul- 
timedia data recorded in the next optical disk mounted in the second optical disk drive are started immediately after the 
reading of the multimedia data recorded in the optical disk in the first optical disk drive is completed. Therefore it is pos- 
sible to continuously reproduce the multimedia data without interruption due to exchange of the optical disks. 

According to a second aspect of the present invention, in the above-mentioned method, the order of the plural opti- 
cal disks to reproduce the multimedia data from the optical disks, and a time required for the reproduction of the multi- 
media data from each optical disk are stored; the operating state of each optical disk drive in the optical disk library unit 
is stored; the multimedia data recorded in the optical disk in the first optical disk drive is read and reproduced during 
the reading and reproduction, the next optical disk is mounted, according to the stored reproduction order, in the second 
optical disk drive that is judged as usable on the basis of the stored operating state of the second optical disk drive 
when the remaining reproduction time of the optical disk in the first optical disk drive, which time is obtained by subtract- 
ing the time taken by the reproduction from the stored time required for the reproduction, is longer than the time required 
for exchange of optical disks; and reading and reproduction of the multimedia data recorded in the next optical disk 
mounted in the second optical disk drive are started immediately after the reading of the multimedia data recorded in 
the optical disk in the first optical disk drive is completed. 

According to a third aspect of the present invention, in the above-mentioned method, the order of the plural optical 
disks to reproduce the multimedia data from the optical disks is stored; for each optical disk, an optical disk drive used 
for reading and reproduction of the multimedia data from the optical disk, and a period of time the optical disk drive is 
used are decided and stored as reservation data; and the optical disk is mounted in the optical disk drive according to 
the stored reproduction order and the reservation data when the present time reaches the decided time and thereafter 
the multimedia data is read and reproduced from the optical disk. 
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According to a fourth aspect of the present invention, in a method for reproducing multimedia data recorded over 
plural optical disks, using an optical disk library unit having at least one optical disk drive; during reading and reproduc- 
tion of the multimedia data recorded in one of the optical disks, the multimedia data from the optical disk is prefetched 
by an amount larger than an amount equivalent to the time required for exchange of the optical disks, and the 
s prefetched data is temporarily stored; and the multimedia data stored temporarily is read and reproduced when the opti- 
ca! disk is exchanged for the next optical disk. Therefore, it is possible to continuously reproduce the multimedia data 
without interruption due to exchange of the optical disks. 

According to a fifth aspect of the present invention, in the above-described method, the order of the plural optical 
disks to reproduce the multimedia data from the optical disks, and a time required for the reproduction of the multimedia 
10 data from each optical disk are stored; the multimedia data is read and reproduced from one of the optical disks in the 
optical disk drive and. at the same time, the multimedia data is prefetched from the optical disk by an amount larger than 
an amountequivalerrt to the time required for exchange of the optical disks, and the prefetched data is stored tempo- 
rarily; the multimedia data stored temporarily is read and reproduced and. at the same time, the next optical disk is 
mounted in the optical disk drive according to the stored reproduction orderjr.when the remaining reproduction time of 
is the optical disk, which time is obtained by subtracting the time taken by the reproduction from the stored time required 
for the reproduction, becomes shorter than the time required for exchange of optical disks; and reading and reproduc- 
tion of the multimedia data from the next optical disk is started immediately after the reading of the multimedia data 
stored temporarily is completed. 

According to a sixth aspect of the present invention, in the above-described method, the order of the plural optical 

20 disks to reproduce the multimedia data from the optical disks, and a time required for the reproduction of the multimedia 
data from each optical disk are stored; one of the optical disks is mounted in the optical disk drive, and a prefetching 
speed for prefetching the multimedia data from the optical disk, which speed enables a prefetching within a time range 
obtained, is calculated by subtracting the time required for exchange of the optical disks from the stored time required 
for reproduction; the multimedia data is prefetched from the optical disk at the calculated speed and temporarily stored 

25 and. thereafter, the multimedia data stored temporarily is read and reproduced; the next optical disk is mounted in the 
optical disk drive according to the stored reproduction order, during the reading and reproduction of the multimedia data 
stored temporarily, when the remaining reproduction time of the optical disk which time is obtained by subtracting the 
time taken by the reproduction from the stored time required for the reproduction, becomes shorter than the time 
required for exchange of optical disks; and reading and reproduction of the multimedia data from the next optical disk 

30 are started immediately after the reading of the multimedia data stored temporarily is completed. 

According to a seventh aspect of the present invention, in the above-described method, the order of the plural opti- 
cal disks to reproduce the multimedia data from the optical disks is stored; before the reading and reproduction of the 
multimedia data from one of the optical disks, a prefetching start position of the optical disk is calculated, which position 
enables prefetching of the multimedia data by an amount larger than an amount equivalent to the time required for 

35 exchange of the optical disks, during the reading and reproduction; the multimedia data is read and reproduced from 
the optical disk in the optical disk drive and. when the recording position on the optical disk reaches the prefetching start 
position, the multimedia data is prefetched from the prefetching start position and then stored temporarily; reading and 
reproduction of the multimedia data stored temporarily are started when the prefetching of the multimedia data 
recorded in the optical disk is completed and, during the reading and reproduction, the next optical disk is mounted in 

40 the optical disk drive according to the stored reproduction order; and reading and reproduction of the multimedia data 
from the next optical disk are started immediately after the reading of the multimedia data stored temporarily is com- 
pleted. 

According to an eighth aspect of the present invention, in the above-described method, when the reproduction of 
multimedia data is performed according to a request for reproduction designating a reproduction start position and the 
45 reproduction start position is. as a recording position on the optical disk, after the prefetching start position, multimedia 
data recorded between the prefetching start position and the reproduction start position are prefetched and stored tem- 
porarily, in advance of reading and reproduction according to the request, therefore, unwanted interruption in the repro- 
duction due to shortage of the multimedia data temporarily stored is avoided, and a request for reproduction in a wider 
range can be accepted. 

so According to a ninth aspect of the present invention, in the above-described method, during reading of the mufti- 
media data from the optical disk in the optical disk drive, the next optical disk is moved to a storage place nearest to th6 
optical disk drive in the optical disk library unit In this method, since the time required for exchange of the optical disks 
is reduced, the amount of the multimedia data stored temporarily is reduced, resulting in a reduction in power consump- 
tion of a storage unit used for the temporary storage. Therefore, unwanted interruption in the reproduction due to 

55 exchange of the optical disks is avoided with less hardware resources. 

According to a tenth aspect of the present invention, in a method for reproducing multimedia data in response to 
plural requests for reproduction of multimedia data, using an optical disk library unit having at least one optical disk 
drive, when a new request for reproduction of multimedia data is given to the optical disk library unit during reproduction 
of multimedia data recorded over plural optical disks, this new request for reproduction is refused if an optical disk hav- 
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ing the multimedia data requested by the new request is the same as one of the plural optical disks having the multime- 
dia data being reproduced. Therefore, unwanted interruption in the reproduction due to a request for reproduction that 
exceeds the ability of the optical disk is avoided. 

According to an eleventh aspect of the present invention, in a method for reproducing multimedia data in response 
5 to plural requests for reproduction using an optical disk library unit having at least one optical disk drive, the method; an 
upper limit of the number of multimedia data that can be reproduced simultaneously from a single optical disk is stored; 
a reproduction number for each optical disk contained in the optical disk library unit is stored, which reproduction 
number is the sum of the number of multimedia data being reproduced from the optical disk and the number of multi- 
media data to be reproduced later from the optical disk; and when a request for reproduction of multimedia data is given 
10 to the optical disk library unit, this request is refused if the number obtained by adding 1 to the reproduction number of 
the optical disk having the requested multimedia data exceeds the upper limit number. Therefore, unwanted interruption 
in the reproduction due to a request for reproduction that exceeds the ability of the optical disk is avoided. 

According to a twelfth aspect of the present invention, a multimedia server system comprises an optical disk library 
unit wherein multimedia data recorded in plural optical disks are processed with at least two, first and second, optical 
15 disk drives, and a server for distributing the multimedia data recorded in the optical disks to plural clients, and this sys- 
tem is characterized by a reproduction order storage means for storing the order of the plural optical disks to reproduce 
the multimedia data from the optical disks, and storing storage places of the optical disks in the optical disk library unit; 
an operating state storage means for storing the operating state of each optical disk drive; and a control means for con- 
trolling reading of multimedia data from the optical disk library unit and distribution of the multimedia data to the clients, 
20 in response to requests for reproduction of multimedia data from the clients. In this system, when multimedia data 
recorded over some of the optical disks is requested, during reading and reproduction of the requested multimedia data 
from one of the optical disks mounted in the first optical disk drive, the control means takes the next optical disk having 
the requested data from the storage place according to the content of the reproduction order storage means. Then, the 
control means mounts the next optical disk in the second optical disk drive that is judged as usable according to content 
25 of the operating state storage means, and starts reading and reproduction of multimedia data from the next optical disk 
immediately after the reading from the optical disk in the first optical disk drive is completed. Therefore, it is possible to 
continuously reproduce the multimedia data without interruption due to exchange of the optical disks. 

According to a thirteenth aspect of the present invention, a multimedia server system comprises an optical disk 
library unit wherein multimedia data recorded in plural optical disks are processed with at least two, first and second. 
30 optical disk drives, and a server for distributing the multimedia data recorded in the optical disks to plural clients, and 
the system is characterized by a reproduction order storage means for storing the order of the plural optical disks to 
reproduce the multimedia data from the optical disks, and storing storage places of the optical disks in the optical disk 
library unit; a reproduction time storage means for storing the time required for reproduction of multimedia data from 
each optical disk; an exchange time storage means for storing the time required for exchange of the optical disks; a res- 
35 ervation data storage means for storing, for each optical disk having multimedia data requested by the client, an optical 
disk drive to be used for reproduction of the requested data, and the reservation time obtained by adding the time 
required for exchange the optical disks to the time required for the reproduction; and a control means for controlling 
reading of multimedia data from the optical disk library unit and distribution of the multimedia data to the clients, in 
response to requests for reproduction of multimedia data from the clients. In this system, when a request for reproduc- 
40 tion of multimedia data is given to the control means, the control means updates the contents of the reservation data 
storage means according to the request, referring to the contents of the reproduction order storage means, the repro- 
duction time storage means, the exchange time storage means, and the reservation data storage means, and then the 
control means controls mounting of the optical disk having the requested data and reading and reproduction of the 
requested data. Therefore, unwanted interruption in the reproduction due to exchange of the optical disks is avoided, 
45 and the optical disk drive can be used with high efficiency in response to the requests from plural clients. 

According to a fourteenth aspect of the present invention, a multimedia server system comprises an optical disk 
library unit wherein multimedia data recorded in plural optical disks are processed with at least one optical disk drive, 
and a server for distributing the multimedia data recorded in the optical disks to plural clients, the system is character- 
ized by an exchange time storage means for storing the time required for exchange of the optical disks in the optical 
so disk library unit; a reproduction order storage means for storing the order of the plural optical disks to reproduce the 
multimedia data from the optical disks, and storing storage places of the optical disks in the optical disk library unit; a 
reproduction time storage means for storing the time required for reproduction of multimedia data from each optical 
disk; a reproduction time measuring means for measuring the time during which reproduction of the multimedia data is 
performed; a temporary storage means for temporarily storing multimedia data read from the optical disk; and a control 
55 means for controlling reading of multimedia data from the optical disk library unit and distribution of the multimedia data 
to the clients, in response to requests for reproduction of multimedia data from the clients. In this system, when multi- 
media data recorded over plural optical disks is requested, the control means reads multimedia data by an amount 
larger than an amount equivalent to the content of the exchange time storage means and stores the data in the tempo- 
rary storage means, during reading and reproduction of the multimedia data from one of the optical disks. When the 
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remaining reproduction time of the optical disk, which is calculated from the content of the reproduction time storage ^ 
means and the result of measurement by the reproduction time measuring means, becomes lower than the content of 
the exchange time storage means, the control means controls exchange of the optical disks according to the content of 
the reproduction order storage means, during reading and reproduction of the temporarily stored multimedia data. 
5 Therefore, it is possible to continuously reproduce the multimedia data without interruption due to exchange of the opti- 
cal disks. 

According to a fifteenth aspect of the present invention, a multimedia server system comprises an optical disk 
library unit wherein multimedia data recorded in plural optical disks are processed with at least one optical disk drive, 
and a server for distributing the multimedia data recorded in the optical disks to plural clients, and this system is char- 
w acterized by an exchange time storage means for storing the time required for exchange of the optical disks within the 
optical disk library unit; a data recording position storage means for storing positions where the multimedia data are 
recorded in the optical disks; a reading speed storage means for storing a possible reading speed of the optical disk 
drive; a reproducing speed storage means for storing a reading speed required for reproduction of the multimedia data; 
a temporary storage means {or temporarily storing the multimedia data read from the optical disks; a:control means for 
is controlling reading of multimedia data from the optical disk library unit and distribution of the multimedia data to the cli- 
ents, in response to requests for reproduction of multimedia data from the clients. In this system, when multimedia data - ; 
recorded over some of the optical disks is requested, the control means calculates a prefetching start position on the 
basis of the contents of the exchange time storage means, the data recording position storage means, the reading - 
speed storage means, and the reproducing speed storage means, in advance of reading and reproduction of the 
20 requested data from the optical disks. Then, the control means controls prefetching of the multimedia data from the 
prefetching start position and storage of the prefetched data in the temporary storage means, during reading and repro- 
duction of the multimedia data. Then, the control means controls reading and reproduction of the multimedia data 
stored in the temporary storage means when the optical disk in the disk drive is exchanged for another optical disk. 
Therefore, it is possible to continuously reproduce the multimedia data without interruption due to exchange of the opti- 



According to a sixteenth aspect of the present invention, a multimedia server system comprises an optical disk 
library unit wherein multimedia data recorded in plural optical disks are processed with at least one optical disk drive, 
and a server for distributing the multimedia data recorded in the optical disks to plural clients, the system is character- 
ized by a recording media storage means for storing, for each multimedia data, an identification data that shows an opti- 
30 cal disk in which the multimedia data is recorded, an identification data comparing means for comparing the 
identification data of the plural optical disks with each other; and a control means for accepting or refusing a request for 
reproduction of multimedia data from the client, on the basis of the result of the comparison by the identification data 
comparing means. Since the data transmitting ability of the system is compared with the data transmitting speed 
required for continuous reproduction and a request for reproduction that exceeds the ability is refused, unwanted inter- 
ns ruption in the reproduction is avoided. 

According to a seventeenth aspect of the present invention, a multimedia server system comprises an optical disk 
library unit wherein multimedia data recorded in plural optical disks are processed with at least one optical disk drive, 
and a server for distributing the multimedia data recorded in the optical disks to plural clients, the system is character- 
ized by a reproducible data number storage means for storing an upper limit of the number of multimedia data that can 
40 be reproduced simultaneously from each optical disk; a reproduction number storage means for storing a reproduction 
number of each optical disk, which reproduction number is the sum of the number of multimedia data being reproduced 
from the optical disk and the number of multimedia data to be reproduced later from the optical disk; and a control 
means for accepting or refusing a request for reproduction of multimedia data from the client, on the basis of the con- 
tents of the reproducible data number storage means and the reproduction number storage means. Since the data 
45 transmitting ability of the system is compared with the data transmitting speed required for continuous reproduction and 
a request for reproduction that exceeds the ability is refused, unwanted interruption in the reproduction is avoided. 

According to an eighteenth aspect of the present invention, the above-described multimedia server system further 
comprises a recording media storage means for storing, for each multimedia data, an identification data that shows an 
optical disk in which the multimedia data is recorded; and an identification data comparing means for comparing the 
so identification data of the plural optical disks with each other; and the control means accepts or refuses the request for 
reproduction of multimedia data from the client on the basis of the result of the comparison by the identification data 
comparing means. 

According to a nineteenth aspect of the present invention, the above-described multimedia server system further 
comprises a reproducible data number storage means for storing an upper limit of the number of multimedia data that 
ss can be reproduced simultaneously from each optical disk; and a reproduction number storage means for storing a 
reproduction number of each optical disk, which reproduction number is the sum of the number of multimedia data 
being reproduced from the optical disk and the number of multimedia data to be reproduced later from the optical disk; 
and the control means accepts or refuses the request for reproduction of multimedia data from the client, on the basis 
of the contents of the reproducible data number storage means and the reproduction number storage means. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a block diagram illustrating a multimedia server system according to a first embodiment of the invention. 
Figures 2(a) and 2(b) are block diagrams illustrating hardware structures of a server and a client, respectively, in 
5 the multimedia server system according to the first embodiment of the invention. 

Figure 3 is a block diagram illustrating a server unit according to the first embodiment of the invention. 
Figure 4 is a block diagram illustrating a client according to the first embodiment of the invention. 
Figures 5(a)-5(c) are tables showing data structures stored in storage means in the server unit according to the first 
embodiment of the invention. 

io Figure 6 is a flowchart illustrating the operation of the multimedia server system according to the first embodiment 
of the invention. 

Figures 7(a)-7(d) are tables illustrating specific data stored in the storage means in the server unit according to the 
first embodiment of the invention. 

Figure 8 is a block diagram illustrating a server unit according to a second embodiment of the invention. f > 
is Figures 9(a)-9(c) are tables showing dkta structures stored in storage means in the server unit according to the 
second embodiment of the invention. 

Figure 10 is a flowchart illustrating the operation of a multimedia server system according to the second embodi- 
ment of the invention. 

Figures 1 1 (a)-1 1 (d) are tables illustrating specific data stored in the storage means in the server unit according to 
20 the second embodiment of the invention. 

Figure 12 is a block diagram illustrating a server unit according to a third embodiment of the invention. 
Figure 13 is a flowchart illustrating the operation of a multimedia server system according to the third embodiment 
of the invention. 

Figure 14 is a flowchart illustrating the operation of a multimedia server system according to a fourth embodiment 
25 of the invention. 

Figure 1 5 is a schematic diagram illustrating an optical disk library unit according to the fourth embodiment of the 
invention. 

Figure 1 6 is a block diagram illustrating a server unit according to a sixth embodiment of the invention. 
Figure 1 7(a) is a table showing a data structure stored in a storage means in the server unit according to the sixth 
30 embodiment, and figure 17(b) is a table showing specific data stored in the storage means. 

Figure 18 is a flowchart illustrating the operation of a multimedia server system according to the sixth embodiment 
of the invention. 

Figures 19(a) and 19(b) are diagrams for explaining jumping reproduction according to a seventh embodiment of 
the invention. 

35 Figure 20 is a block diagram illustrating a server unit according to an eighth embodiment of the invention. 

Figures 21(a) is a table showing a data structure stored in a storage means in the server unit according to the 
eighth embodiment of the invention, and figure 21(b) is a table showing specific data stored in the storage means. 

Figure 22 is a block diagram illustrating a server unit according to a ninth embodiment of the invention. 

Figure 23(a) is a table showing a data structure stored in a storage means in the server unit according to the ninth 
40 embodiment of the invention, and figure 23(b) is a table showing specific data stored in the storage means. 

Figure 24 is a block diagram illustrating a hardware structure of a multimedia data reproducing apparatus according 
to tenth and eleventh embodiments of the invention. 

Figure 25 is a block diagram illustrating the multimedia data reproducing apparatus according to the tenth embod- 
iment of the invention. 

45 Figure 26 is a block diagram illustrating the multimedia data reproducing apparatus according to the eleventh 
embodiment of the invention. 

Figure 27 is a block diagram illustrating a multimedia server system according to the prior art. 

Figure 28 is a schematic diagram illustrating an optical disk library unit included in the prior art multimedia server 
system. 

so Figure 29 is a block diagram illustrating a server unit according to the prior art. 
Figure 30 is a block diagram illustrating a client according to the prior art. 

Figure 31(a) is a table showing a data structure stored in a storage means in the prior art server unit, and figure 
3 1 (b) is a table showing specific data stored in the storage means. ^ 

Figure 32 is a flowchart showing the operation of the prior art multimedia server system. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment 1] 

5 In a multimedia server system according to a first embodiment of the invention, when multimedia data recorded 

over plural optical disks is reproduced successively, in advance of exchange of the optical disks, the next optical disk is 
mounted in a disk drive. 

Figure 1 is a block diagram illustrating a multimedia server system according to the first embodiment of the inven- 
tion. Since functions of an optical disk library unit 500, a server unit 100, clients 700. 701 , 702 a network 650, and 

io a connection 550 shown in figure 1 are identical to those already described for the prior art system, repeated descrip- 
tion is not necessary. In this system, the server unit 100 and the optical disk library unit 500 serve as a video server that 
distributes multimedia data to plural clients through the network. 650. The structure of the library unit 500 is the same 
as the prior art library unit shown in figure 28. 

Figure 2(a) is a block diagram illustrating the hardware structure of the video server comprising the server unit and 
15 the optical disk library unit. In the figure, reference numeral 201 designates an input/output unit (hereinafter referred to 
as I/O unit) for inputting various set points and outputting the operating state of the video server, such as "under oper- 
ation" or "malfunction". The I/O unit 201 is implemented by an input means, such as a keyboard or a mouse, and an 
output means, such as a display unit. Reference numeral 202 designates a real time clock to know the time in the video 
server. A network l/F 203 is a circuit for controlling transmission and reception of data through the network. A CPU 
20 (Central Processing Unit) 204 executes an operating system (OS) of the video server, and a control program for repro- 
duction of multimedia data. A main storage unit 205 stores the operating system of the video server, the control program 
for reproduction of multimedia data, and data used for the control. A disk l/F 206 is a disk control circuit for directing a 
magnetic disk drive 207 and the optical disk library unit 500 to read or write data, according the SCSI standard or the 
like. The magnetic disk drive 207 is used for recording the operating system of the video server and the control program 
25 for reproduction of multimedia data, and for saving the data stored in the main storage unit 205. 

Figure 2(b) is a block diagram illustrating a hardware structure of a client. A display unit 208 shows multimedia data, 
and a speaker is used as the display unit when voice data is included. A display l/F 209 is a circuit for controlling the 
display of multimedia data on the display unit 208. A user inputs a request for reproduction of desired multimedia data 
to the client, using an input unit 210, such as a keyboard or a mouse. An MPEG decoder 21 1 expands multimedia data 
30 compressed by MPEG so that the data can be displayed on the display unit 208. A network l/F 212 is a circuit for con- 
trolling transmission and reception of data through the network. A CPU 213 executes an operating system (OS) of the 
client and a control program for reproduction of multimedia data. Main storage unit 214 stores the operating system of 
the client and the control program for reproduction of multimedia data. A real time clock 215 is similar to the real time 
clock 202 in the server unit. A disk l/F 21 6 is a disk control circuit for directing a magnetic disk drive 21 7 to read or write 
35 data. The magnetic disk drive 217 is used for recording the operating system of the client and the control program for 
reproduction of multimedia data. 

Figure 3 is a block diagram illustrating the server unit 100 viewed from its function. In figure 3. a library control 
means 101 is implemented by the disk l/F 206 shown in figure 2(a) and the control program, and outputs an instruction 
io control the optical disk library unit 500. A control means 102 is implemented by the CPU 204, the main storage unit 
4d 205. which are shown in figure 2(a). and the control program for reproduction of multimedia data. The control means 
102 includes means for reading multimedia data from an optical disk and controls reading and transmission of multime- 
dia data in response to a request from the client. A data transmitting and receiving means 103 is implemented by the 
network l/F 203 shown in figure 2(a) and the control program, and exchanges data with the client through the network 
650. A operating state storage means 1 04 is implemented by the main storage unit 205 and the magnetic disk drive 207 
45 shown in figure 2(a), and stores the operating state of the optical disk drive in the optical disk library unit 500. A repro- 
duction order storage means 1 05 is implemented by the main storage unit 205 and the magnetic disk drive 207 shown 
in figure 2(a). and stores the order of optical disks to be reproduced when desired multimedia data is recorded over plu- 
ral optical disks. A reproduction time storage means 106 is implemented by the main storage unit 205 and the magnetic 
disk drive 207 shown in figure 2(a), and stores the time required for reproduction of multimedia data. An exchange time 
so storage means 109 is implemented by the main storage unit 205 and the magnetic disk drive 207 shown in figure 2(a). 
and stores the time required for exchange of the optical disks in the optical disk drive in the library unit 500. 

Figure 4 is a block diagram illustrating the client 700 viewed from its function. In figure 4, a reproduction request 
accepting means 706 is implemented by the input unit 210 and the display unit 208 shown in figure 2(b) and the control 
program for reproduction of multimedia data, and this means 706 accepts a request for reproduction of multimedia data 
55 from a user. A data reproducing means 707 is implemented by the MPEG decoder 21 1 and the display l/F shown in 
figure 2(b) and the control program for reproduction of multimedia data. This means 707 expands multimedia data com- 
pressed by MPEG so that the data can be displayed on the display unit 208, reproduces the data, and displays the data 
on the display unit 703. A data transmitting and receiving means 704 is implemented by the network l/F 203 shown in 
figure 2(b) and the control program, and exchanges data or requests with the server unit 100 through the network 650. 
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remaining reproduction time. Since the reproduction has just started and the remaining reproduction time is longer then 
the disk exchange time, the control means 102 proceeds to step 6. 

In step 6, the control means 102 checks the operating state storage means 104 and the reproduction order storage 
means 105 to judge whether a set-up for reproduction of the next optical disk "disk#r is done. Since the contents of 
5 the operating state storage means 104 are as shown in the second table* (2. after step 1) in figure 7(a). the control 
means 102 judges that the next optical disk M disk#r is not yet mounted in the optical disk drive, followed by step 7. 

In step 7. the control means 102 checks the stand-by optical disk drives, i.e.. drives in which optical disks are not 
mounted, according to the contents of the operating state storage means .104. and finds "Driver. Then, the control 
means proceeds to step 9. 

10 In step 9, the control means 102 instructs the conveyer 504 in the library unit 500 to take the optical disk "disk#1" 
from the slot #1 of the storage shelf 502 and insert the disk in the stand-by optical disk drive "Driver. Thereafter, the 
control means 102 updates the contents of the operating state storage means 1 04, as shown in the third table (3. after 
step 9) in figure 7(a). 

Step 10 is executed to reproduce the target multimedia data<>More specifically, the data read from the optical disk 

is "disk#0" in the optical disk drive "DriveO" is transmitted from the data transmitting and receiving means 1 03 in the server 
unit 100. through the network 650. to the data transmitting and receiving means 704 in the client 700. Then, the com- 
pressed data is expanded by the MPEG decoder in the reproducing means 707 and displayed on the display unit 703 
After step 10, the control means 102 returns to step 2. As long as the judgment in step 5 is that the time required 
for reproduction of the data remaining in the optical disk "disk#0" is longer than the disk exchange time (six seconds), 

20 steps 2, 3, 4. 5. 6. and 10 are repeated to continue the reproduction. 

When the control means 102 judges, in step 5. that the remaining reproduction time is shorter than the disk 
exchange time, the control means 102 proceeds to step 10. Thereafter, steps 2, 3. 4. 5. and 10 are repeated until the 
control means 102 judges, in step 4. that the reading of the target data is completed. When it is judged in step 4 that 
the reading of the target data from the optical disk "disk#0" is completed, the control means 102 proceeds to step 8. 

25 In step 8. in reference to the contents of the reproduction order storage means 105, the control means 102 controls 
the conveyer 504 in the optical disk library unit 500, through the library control means 101. so that the conveyer 504 
returns the optical disk H disk#0", for which reading of the target data has just finished, to the slot #0 of the storage shelf 
502. Then, in reference to the contents of the operating state storage means 104. the control means 102 finds that the 
optical disk M disk#1" to be reproduced next is inserted in the optical disk drive "Drivel", and starts the drive "Driver. 

30 The control means 1 02 updates the contents of the operating state storage means 104 as shown in the fourth table (4. 
after step 8) in figure 7(a). 

Step 10 is executed to continue the reproduction of the target multimedia data. The multimedia data read from the 
optical disk "disk#0" in the last step 3 is transmitted from the data transmitting and receiving means 103 in the server 
unit 100. through the network 650. to the data transmitting and receiving means 704 in the client 700. Then, the com- 
35 pressed data is expanded by the MPEG decoder in the reproducing means 707 and displayed on the display unit 703. 
In step 2. the control means 1 02 judges that the reproduction of the multimedia data "multiOl " is not completed yet 
by comparing the contents of the reproduction time storage means 106 with the reproduction time measured by the 
reproduction time measuring means 705. followed by step 3. 

In step 3, the target multimedia data "multiOl " is read from the optical disk "disk#1 " mounted in the optical disk drive 
40 "Drivel In step 4, the control means 102 judges whether reading of the target data equivalent to the time required for 
reproduction of the data from the optical disk "disk#1 " is completed. Since the reproduction has just started, the control 
means 102 judges that the reading is not completed yet, and proceeds to step 5. 

In step 5. the time required for reproduction of the data remaining in the optical disk "disk#1 w is calculated, and this 
time is compared with the time required for exchange of the optical disks. When the remaining reproduction time is 
45 longer than the disk exchange time, the control means 102 proceeds to step 6. 

In step 6. the control means 102 checks the reproduction order storage means 105 and finds that no optical disk 
follows. Since it is not necessary to prepare the next optical disk, step 1 0 is executed. Thereafter, similar process steps 
are continued until the reproduction of the multimedia data "multior from the optical disk "disk#r is completed. 

As described above, in the multimedia server system according to the first embodiment of the invention, the server 
so unit is equipped with the control means, the reproduction order storage means providing the order of the optical disks 
to be reproduced, and the operating state storage means providing the states of the optical disk drives. The control 
means controls the optical disk library unit according to the reproduction order of the disks and the operating states of 
the drives so that the optical disk to be reproduced next is mounted in a free optical disk drive in advance. Hence, read- 
ing of multimedia data from the next optical disk can be started immediately after reading of multimedia data from the 
55 previous optical disk is ended. Accordingly, when multimedia data recorded over plural optical disks is reproduced, 
unwanted interruption due to exchange of disks is avoided. As a result, reproduction of multimedia data is smoothly car- 
ried out. 
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[Embodiment 2] 

In a multimedia server system according to a second embodiment of the invention, when multimedia data recorded 
over plural optical disks is reproduced, optical disk drives used for the reproduction are reserved in advance. 

5 The structure of the server system, the hardware structures of the server and the client, the structure of the client, 

and the structure of the library unit according to this second embodiment are identical to those according to the first 
embodiment and. therefore, figures 1, 2(a), 2(b). 4, and 28 are used to explain the second embodiment 

Figure 8 is a block diagram illustrating a server unit 100 according to the second embodiment of the invention. In 
the figure, the same reference numerals as those shown in figure 3 designate the same or corresponding parts. Refer- 

10 ence numeral 108 designates a reservation data storage means 108. and reference numeral 1 10 designates a clock. 
The reservation data storage means 108 is implemented by the main storage unit 205 and the magnetic disk drive 207 
shown in figure 2(a), and stores an optical disk to be reproduced, an optical disk drive used for reproduction, the repro- 
duction time, and the reservation time. The clock 1 10 is implemented by the real time clock shown in figure 2(a) and the 
control program, and shows the present time. 

is Figures 9(a) to 9(c) show data structures stored in the reservation data storage means 108. the reproduction order 
storage means 105. and the reproduction time storage means 106. respectively. The reservation data storage means 
108 stores data showing the state of reservation for an optical disk drive. More specifically, as shown in figure 9(a), it 
stores, the identification number of an optical disk to be reproduced, the number of an optical disk drive used for the 
reproduction, the reproduction time required for the reproduction, and the reservation time obtained by adding the disk 
20 exchange time to the reproduction time. The data structures in the reproduction order storage means 105 and the 
reproduction time storage means 106 shown in figures 9(b) and 9(c). respectively, are similar to those described for the 
first embodiment. 

Figure 10 is a flowchart for explaining the operation of the multimedia server system according to the second 
embodiment of the invention. Figures 1 1(a) to 1 1(d) are tables illustrating specific data stored in the respective storage 
25 means. 

As in the first embodiment of the invention, it is assumed that two optical disk drives, "DriveO" and "Drivel ", are con- 
tained in the optical disk library unit 500. and multimedia data having a title "multiO 1 " is recorded over two optical disks, 
each for ten minutes. The identification numbers of these two optical disks are. respectively. "disk#0" and "disk#1 " in the 
order of the recording. Further, these optical disks "disk#0" and "disk#1 " are contained in slots #0 and #1 in the optical 
disk library unit 500, respectively. Furthermore, multimedia data having a title "multi02" is recorded over two optical 
disks "disk#13" and "disk#14", and these optical disks are contained in slots #3 and #4 in the library unit 500. respec- 
tively. The multimedia data "multi02" is divided into two parts, each for nine minutes and fifty seconds, and recorded in 
the optical disks "disk#13" and "disk#14" in this order. The time required for exchange of disks in the library unit 500 is 
six seconds. 

Before starting reproduction, the reservation data storage means 108 have data shown in the first table (1. before 
reservation) in figure 1 1(a). The reproduction order storage means 105, the reproduction time storage means 106. and 
the exchange time storage means 1 09 have data shown in figures 1 1 (b). 1 1 (c), and 1 1 (d), respectively 

Hereinafter, the operation of the multimedia server system according to the second embodiment will be described 
using the flowchart shown in figure 1 0. 
40 As described for the first embodiment of the invention, a request for reproduction of multimedia data "multior is 
accepted by the dient 700 and transmitted to the server unit 1 00. 

In step 1, the control means 102 checks the present time with the clock 1 10. The present time is 12:59:00. Then, 
the control means 102 checks the contents of the reservation data storage means 108. As shown in the first table (l! 
before reservation) in figure 11(a), the optical disk drives "DriveO" and "Driver are already reserved for 12:59:54 ~- 
45 13:09:50 and 13:09:44 - 13:19:40, respectively, to reproduce the multimedia data "multi02*\ 

Therefore, in order to reproduce the multimedia data "multior during periods of time other than mentioned above, 
the control means 102 checks the data relating to "multior from the contents of the reproduction order storage means 
105 and the reproduction time storage means 106 shown in figures 1 1(b) and 1 1(c), respectively. Further, the control 
means 102 checks the exchange time storage means 109. and adds the time required for exchange of the disks, i.e.. 
so six seconds, to the time required for reproduction of the data "multiOl " in each optical disk, i.e., ten minutes. 

Then, the control means 102 calculates a reservable period of time in each optical disk drive, and decides that the 
optical disk drive "DriveO" can be reserved for 13:09:54 - 13:20:00 and the optical disk drive "Driver can be reserved 
for 13:19:54 ~ 13:30:00. Then, the control means 102 stores, in the reservation data storage means 108. the optica! 
disks, the reserved optical disk drives, the reproduction time for each disk, and the reservation time for each drive as 
55 shown in the second table (2. after reservation) in figure 1 1(a). 

Next, the control means 102 checks the clock 110 at constant time intervals, and mounts the first optical disk 
"disk#0" having the multimedia data "multior in the optical disk drive "DriveO". 

Thereafter, steps 2 to 4 are executed as already described for the first embodiment, followed by step 5. In step 5. 
the control means 102 finds that the present time is 13:19:54, and compares the present time with the reservation time 
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stored in the reservation data storage means 108. When the present time has not reached the reservation time, the 
control means 102 judges that it is not time to mount the next optical disk, so the control means 102 proceeds to step 
8. In step 8, the multimedia data is reproduced as described for step 10 according to the first embodiment, followed by 
steps 2 to 4. Until it is judged in step 5 that time to start mounting of the next optical disk is reached, the above-men- 



When it is judged in step 5 that time to start mounting of the next optical disk "disk#1 " is reached, the control means 
102 proceeds to step 6. 

In step 6, the control means 102 checks the contents of the reservation data storage means 108 and controls the 
library unit 500 through the library control means 101 to mount the next optical disk H disk#1 M in the reserved optical disk 

io drive "Driver, followed by step 8. In step 8. reproduction of the multimedia data recorded in the optical disk "disk#1 m is 
performed. Thereafter, process steps similar to those described for the first embodiment are repeated. 

As described above, in the multimedia server system according to the second embodiment of the invention, the 
server unit is equipped with the reservation data storage means and. before starting reproduction, the control means 
reserves an optical dis& drive for a prescribed period of time including the time required for exchange of optical disks. 

is according to the contents of the respective storage means, so that the data reproduction time is hot interrupted between 
the respective optical disk drives. In this way, the operation of each optical disk drive is controlled with time. Therefore, 
when multimedia data. recorded over plural optical disks is reproduced, unwanted interruption in reproduction due to 
exchange of the disks is avoided, whereby smooth reproduction of the multimedia data is realized. Further, the optical 
disk drives in the library unit can be used with high efficiency in response to requests of plural clients. 

20 

[Embodiment 3] 

In a multimedia server system according to a third embodiment of the invention, when multimedia data recorded 
over plural optical disks is recorded, a portion of the data equivalent to the time required for exchange of the disks is 

25 temporarily stored in advance, and the stored data is reproduced when the disks are exchanged. 

The multimedia server system according to this third embodiment is identical to the multimedia server system 
according to the first embodiment in the structure of the server system, the hardware structures of the server and the 
client, the structure of the client and the structure of the library unit and, therefore, figures 1 , 2(a). 2(b). 4, and 28 are 
used to explain the third embodiment. 

30 Figure 1 2 is a block diagram illustrating a server unit 100 according to the third embodiment of the invention. In fig- 

ure 12. the same reference numerals as those shown in figure 3 designate the same or corresponding parts. A tempo- 
rary storage means 1 1 1 is implemented by the main storage unit 205 and the magnetic disk unit 207 shown in figure 
2(a), and temporarily stores multimedia data read from the optical disk in the library unit. The control means 102 
includes means for prefetching the multimedia data, in addition to the data reading means. 

35 Figure 1 3 is a flowchart for explaining the operation of the multimedia server system according to the third embod- 
iment of the invention. 

In the optical disk library unit 500. the optical disk drives, the recording condition of multimedia data "multiOl". and 
the time required for exchange of optical disks are identical to those described for the first embodiment of the invention. 
Further, in the server unit 100, the reproduction order storage means 103, the reproduction time storage means 104, 

40 and the exchange time storage means 109 store the same data as shown in figures 7(b). 7(c), and 7(d). respectively. 

Hereinafter, the operation of the multimedia server system according to this third embodiment will be described 
using the flowchart shown in figure 13. 

When a request for multimedia data "multiOl" is accepted by the client 700, this request is transmitted to the server 
unit 100, and steps 1 and 2 are executed in the same manner as described for steps 1 and 2 according to the first 

45 embodiment, followed by step 3. 

In step 3, the control means 102 reads the multimedia data "multiOl" from the optical disk w disk#0" mounted in the 
optical disk drive "DriveO". Next, in step 4. since the reproduction time storage means 106 stores the data shown in fig- 
ure 7(c) and the exchange time storage means 109 stores the data shown in figure 7(d), the control means 102 finds 
that the time required for reproduction of the multimedia data "multior in the optical disk "disk#0" is ten minutes and 

so the time required for exchange of the optical disks is six seconds. According to these data, the control means 102 
decides that a-portion of the multimedia data "multiOl" within a range from nine minutes and fifty-four seconds to ten 
minutes in the reproduction time is equivalent to the disk exchange time. Then, the control means 102 starts reading of 
the data for the disk exchange time from the optical disk "disk#0 M by the prefetching means, and stores the data in the 
temporary storage means 111. 

55 In step 5, the control means 102 calculates the time required for reproduction of remaining multimedia data in the 
optical disk "disk#0", from the reproduction time obtained by the reproduction time measuring means 705 and the data 
stored in the reproduction time storage means 1 06. Then, the control means 102 compares the remaining reproduction 
time with the contents of the exchange time storage means 109 and judges whether the remaining reproduction time is 
longer than the disk exchange time. In this stage, since the remaining reproduction time is longer than the disk 
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exchange time (six seconds), the control means 102 proceeds to step 6. In step 6, reproduction of the multimedia data 
is performed in the same manner as described for step 10 according to the first embodiment, followed by step 2. 

Until the control means 102 judges in step 5 that the remaining reproduction time for the multimedia data "multiOr 
recorded in the optical disk "disk#0" becomes equal to or shorter than the disk exchange time, steps 2 to 6 are 
s repeated. , 

When it is judged in step 5 that the remaining reproduction time is equal to the disk exchange time, step 7 is exe- 
cuted. In step 7, the control means 102 reads the multimedia data "multiOl" which is stored in the temporary storaqe 
means 111. 

Next, in step 8. the control means 102 checks whether the next optical disk is prepared, according to the contents 
w of the operating state storage means 104. In this stage, since the next optical disk is not prepared, the control means 
1 02 proceeds to step 9. 

In step 9. the control means 102 finds that the next optical disk is M disk#l - and this disk is contained in the slot #i , 
according to the contents of the reproduction order storage means 105. Then, the control means 102 controls the 
library unit 500 through the library^controkmeans 101 so that the optical disk "disk#1 " is taken out of the slot #1 of the 

is storage shelf and inserted in the optical disk drive "Drivel Then, the control means 1 02 updates the contents of the 
operating state storage means 104. 

Next, in step 10. the control means 1 02 transmits the multimedia data read from the temporary storage means 111, 
through the data transmitting and receiving means 103 and the network 650. to the client 700. The transmitted multi- 
media data is reproduced in the client 700. 

20 In step 1 1 . the control means 1 02 judges whether or not the reproduction of the multimedia data stored in the tem- 
porary storage means 11 1 is ended, by comparing the reproduction time measured by the reproduction time measuring 
means 705 with the contents of the reproduction time storage means 106. When the reproduction time does not reach 
the time required for the reproduction, the control means 102 judges that the reproduction is not ended yet and pro- 
ceeds to step 5. 

25 Until it is judged in step 1 1 that the reproduction of the multimedia data stored in the temporary storage means 1 1 1 

is ended, steps 5. 7. 8. 10. and 1 1 are repeated. 

In step 8, the control means 102 judges that the next optical disk is prepared, step 8 is followed by step 10. When 
it is judged in step 1 1 that the reproduction of the multimedia data stored in the temporary storage means 1 1 1 is ended 
the control means 102 proceeds to step 12. In step 12, the control means 102 erases the multimedia data stored in the 

30 temporary storage means 111. 

Thereafter, the control means 102 returns to step 2. In step 2, the control means 102 judges that the reproduction 
of the multimedia data "multiOr is not ended and proceeds to step 3. In step 3, the control means 102 controls the 
library control means 10 so that the multimedia data "multiOr is read from the optical disk "disk#r. The reading and 
reproduction of the multimedia data "multiOr from the optical disk "disk#1 - are continued until the end of the reproduc- 

35 tion. 

As described above, in the multimedia server system according to the third embodiment of the invention the server 
unit is equipped with the temporary storage means, and a portion of multimedia data equivalent to the disk exchange 
time is stored in the temporary storage means when reading of the multimedia data from the optical disk is started 
Then, the control means exchanges the optical disk in the optical disk drive for the next optical disk during reproduction 
40 of the multimedia data stored in the temporary storage means. Therefore, reading of the multimedia data from the next 
optical disk can be started immediately after reading of the multimedia data from the temporary storage means is com- 
pleted. As a result, when multimedia data recorded over plural optical disks is reproduced, unwanted interruption of the 
reproduction is avoided. 

45 [Embodiment 4] 

In a multimedia server system according to a fourth embodiment of the invention, when multimedia data recorded 
over plural optical disks is reproduced, a portion of the multimedia data, which is read out at a speed higher than a 
speed required for reproduction of the multimedia data, is stored temporarily and then transmitted 

Since the structure of the multimedia server system and the recording state of the multimedia data according to this 
fourth embodiment are identical to those already described for the third embodiment, repeated description is not nec- 
essary. Further, the optical disk drives in the optical disk library unit 500. the recording state of multimedia data 
multiOr. and the time required for exchange of optical disks are identical to those described for the first embodiment 
n the server unit 100. the contents of the reproduction order storage means 105. the reproduction time storage means 
106. and the exchange time storage means 109 are identical to those mentioned for the first embodiment so that fig- 
ures 7(b). 7(c). and 7(d) are used for the description. Furthermore, it is assumed that a data reading speed of 150 
KBytes/sec is required for reproduction of multimedia data "multiOl ". 

Figure 1 4 is a flowchart for explaining the operation of the muftimedia server system according to the fourth embod- 
iment of the invention. 
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In figure 14, steps 1 and 2 are executed in the same manner as steps 1 and 2 according to the third embodiment. r - 
In step 3, the control means 102 decides a reading speed on the basis of the above-mentioned reading speed required ^ 
for reproduction, i.e., 1 50 KBytes/sec. the reproduction time obtained from the contents of the reproduction time storage 
means 106. i.e., ten minutes (10 * 60 seconds), and the disk exchange time obtained from the contents of the exchange 
5 time storage means 109, i.e., six seconds, according to the following formula. 

reading speed > reading speed required for reproduction * 
reproduction time/(reproduction time - disk exchange time) 

Therefore, 

10 

reading speed > 150(KBytes/sec) * (10 * 60)(sec)/(10 * 60 - 6)(sec) = 151.5 (KBytes/sec) 

The control means 102 decides that the reading speed is 640 KBytes/sec, reads the multimedia data from the opti- 
cal disk M disk#0 w at this speed, and stores the data>in the temporary storage means 111. 

is Step 4 is executed in the same manner as step 5 according to the third embodiment, followed by step 5. In step 5', 
the data transmitting and receiving means 103 transmits the multimedia data stored in the temporary storage means 
1 1 1 in step 3 through the network 650 to the client 700, and the multimedia data is reproduced in the client 700. Then,^ 
the control means 1 02 deletes the read and transmitted data from the temporary storage means 111, followed by step 
2. Thereafter, steps 2 to 5 are repeated until the remaining reproduction time becomes equal to or shorter than the time ' 

20 required for exchange of the optical disk, and in step 5. the data stored in the temporary storage means 1 1 1 is repro- 
duced. 

When the remaining reproduction time becomes equal to the disk exchange time in step 4, step 6 is executed. 
Steps 6 to 1 1 are executed in the same manner as steps 7 to 12 described for the third embodiment. Thereafter, the 
same process steps as mentioned for the third embodiment are executed until the end of the reproduction. 

25 As described above, in the multimedia server system according to the fourth embodiment of the invention, the 
server unit is equipped with the temporary storage means, and data which is read from the optical disk at a speed 
higher than the reading speed required for reproduction is stored in the temporary storage means. The data stored in 
the temporary storage means is transmitted to the client and reproduced. Since the speed for reading and temporarily 
storing the data is higher than the speed for transmitting the data, when the reproduction time required for the remaining 

30 multimedia data in the optical disk is equal to the disk exchange time, the amount of the multimedia data stored in the 
temporary storage means is larger than the amount of the data equivalent to the disk exchange time. Since the optical 
disk mounted in the optical disk drive is exchanged during reproduction of the temporarily stored multimedia data, read- 
ing of the multimedia data from the next optical disk can be started immediately after reading of the multimedia data 
from the temporary storage means is completed. Therefore, when multimedia data recorded over plural optical disks is 

35 reproduced, the reproduction can be performed continuously, without interruption due to exchange of the disks. 

[Embodiment 5] 

In a multimedia server system according to a fifth embodiment of the invention, the storage position of the optical 
40 disk to be reproduced next, which position is stored in advance of exchange of the optical disks, can be changed. 

The structure of the multimedia server system and the recording state of multimedia data according to this fifth 
embodiment are identical to those mentioned for the third embodiment of the invention except the structure of the opti- 
cal disk library unit. 

Figure 1 5 is a schematic diagram illustrating an optical disk library unit 500 according to the fifth embodiment of the 
45 invention. The library unit 500 includes a storage shelf 502 that contains fifty optical disks in slots #0 to #49. Multimedia 
data having a title M multi01 " is recorded over two disks set in slots #0 and #1 . and identification numbers of these optical 
disks are "disk#0" and "disk#r, respectively. The library unit 500 further contains an optical disk drive 503 having a 
drive number "DriveO". The positional relationship between the optical disk drive 503 and the respective slots of the 
storage shelf 502 is as follows. That is, the slot #0 is most distant from the optical disk drive 503. and the distance from 
so the optical disk drive 503 reduces with an increase in the number of the slot. The disk exchange time is nine minutes * 
when the disk is in the slot #0 which is most distant from the disk drive 503 whereas it is three minutes when the disk 
is in the slot #49 which is nearest to the disk drive 503. 

The operation of the multimedia server system according to this fifth embodiment is fundamentally identical to the 
operation of the system according to the third or fourth embodiment except that, in step 1 of the flowchart shown in f ig- 
55 ure 13 or 14, the optical disk • , disk#0*' is mounted in the drive 503 and, after judgment in step 2 and before execution of 
step 3. the following operation is added. 

That is, the control means 102 finds that an optical disk to be reproduced next is H disk#1 " from the contents of the 
reproduction order storage means 105. Then, the control means 102 starts reading of the multimedia data "multior 
recorded in the optical disk "disk#0" mounted in the drive "DriveO" and. at the same time, the control means 102 takes 
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the next optical disk "disk#r from the slot #1 of the storage shelf 502 and exchanges an optical disk in the slot #49 
which is nearest to the optical disk drive "DriveO" for the optical disk "disk#1 \ After the exchange of the optical disks, 
the control means 1 02 updates the storage position of the optical disk "disk#1 " stored in the reproduction order storage 
means 1 05. 

s In the multimedia server system according to the fifth embodiment of the invention, before exchange of the optical 

disks, the optical disk to be reproduced nest is moved to a storage position (slot) nearest to the optical disk drive, so 
that the time required for conveying the disk is reduced, resulting in a reduction in the disk exchange time. In the case 
mentioned above, the disk exchange time is reduced by about 6 seconds. Therefore, the amount of multimedia data to 
be stored temporarily for the time required to exchange the disks can be reduced. Since a high speed but expensive 

10 recording medium, such as a memory, is usually employed as means for temporarily storing the multimedia data, the 
reduction in the amount of the multimedia data temporarily stored in the storage means results in a reduction in the 
<power consumption of the storage means, whereby continuous reproduction of multimedia data can be realized with 
less hardware resources, as compared to the third or fourth embodiment of the invention. 

15 [Embodiments] 

In a multimedia server system according to a sixth embodiment of the present invention, when multimedia data 
recorded over plural optical disks is reproduced, a portion of the multimedia data equivalent to the time required to 
exchange the optical disks is temporarily stored and then reproduced. 
20 The structure of the multimedia server system, the hardware structures of the server and the client, the structure 
of the client, and the structure of the library unit, according to this sixth embodiment of the invention, are identical to 
those described for the first embodiment of the invention, so that figures 1,2,4, and 28 are used for explaining the sixth 
embodiment. 

Figure 16 is a block diagram illustrating a server unit 100 according to the sixth embodiment of the invention. In the 
25 server unit 100. a library control means 101, a control means 102, a data transmitting and receiving means 103. and 
an exchange time storage means 109 are identical to those according to the first embodiment of the invention, and a 
temporary storage means 1 1 1 is identical to that according to the third embodiment of the invention. Hence, descrip- 
tions for these means are omitted. The control means 102 includes a prefetching means as in the third embodiment of 
the invention. 

30 A data recording position storage means 1 12 is implemented by the main storage unit 205 and the magnetic disk 
drive 207 shown in figure 2(a), and stores titles (file names) of multimedia data, identification numbers of optical disks, 
recording positions (logical block addresses) of the multimedia data in the optical disks, and storage positions of the 
optical disks in the storage shelf 502 in the optical disk library unit 500. A reading speed storage means 1 13 is imple- 
mented by the main storage unit 205 and the magnetic disk drive 207 shown in figure 2(a). and stores the data reading 

35 speed from the optical disk mounted in the optical disk drive 503 in the library unit 500, as the number of logical blocks 
that can be read during a unit time. A reproduction speed storage means 1 14 is implemented by the main storage unit 
205 and the magnetic disk drive 207 shown in figure 2(a), and stores the reading speed required for reproduction of the 
multimedia data recorded in the optical disk, as the number of logical blocks per a unit time. 

Figure 1 7(a) shows a data structure in the data recording position storage means 104, and figure 17(b) shows spe- 

40 crfic data stored in the storage means 104. Figure 18 is a flowchart for explaining the operation of the multimedia server 
system according to the sixth embodiment of the invention. 

The optical disk library unit 500 contains four optical disks. Over two optical disks, MPEG1 multimedia data 
"multior of 8 MB. i.e.. 4 MB for each disk, is recorded. On the other hand, over three optical disks. MPEG1 multimedia 
data "mufti02 H of 12 MB, i.e.. 4 MB for each disk, is recorded. The storage positions of these optical disks in the library 

45 unit 500 and the recording positions of these multimedia data on the optical disks are as shown in figure 1 7(b). The opti- 
cal disk library unit 500 takes eight seconds to exchange the optical disks. The performance of the optical disk drive 
contained in the optical disk library unit 500 is as follows: The maximum seek time is 200 ms. the maximum rotation 
waiting time is 30 ms, and the minimum reading speed: 500 KBytes/sec. The network in the multimedia server system 
is constructed by an ethernet having a maximum transmission speed of 10 Mbps (megabits per second). Two clients 

so are connected to the server system through the network. The reproduction bit rate of MPEG 1 is 1 .5 Mbps (about 187 
KBytes/sec). The logical block size of each optical disk is 512 bytes. 

Hereinafter, the operation of the multimedia server system according to this sixth embodiment will be described 
using the flowchart shown in figure 18. 

Initially, in step 1 . by the control means 102, the minimum reading speed of the optical disk drive, 500 KBytes/sec, 
55 is stored in the reading speed storage means 1 13. the MPEG 1 reproduction bit rate, 1 .5 Mbps (about 187 KBytes/sec), 
is stored in the reproduction speed storage means 114, and the optical disk exchange time, eight seconds, is stored in 
the optical disk exchange time storage means 109. 

Next, in step 2. the control means 102 receives a request for reproduction of multimedia data "multiOl " from the cli- 
ent 700. through the network 650 and the data transmitting and receiving means 103. 
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In step 3, from the contents of the data recording position storage means 104 shown in figure 17(b). the control 
means 102 finds that the multimedia data "multiOl" requested by the client 700 is recorded over the optical disks 
"disk#r and "disk#3", and these optical disks are respectively stored in slots #10 and #12 of the storage shelf 502 in 
the optical disk library unit 500. 

5 In step 4, the control means 102 performs the following calculations. • 

Initially, the control means 102 calculates the amount of multimedia data to be reproduced during the disk 
exchange time, as the number of logical blocks on the optical disk. 

the number of logical blocks required for reproduction (blocks) 
10 = reproduction speed (Bytes/sec) * disk exchange time (sec)/logical block size (Bytes/block) 

= (187 * 1024) * 8/512 
= 2992 (blocks) 

k Next, the control means 1 02 calculates the prefetching speed of data that can be prefetched in parallel with reading 
is and reproduction, as the number of logical blocks per a unit time. That is, the prefetching speed is a difference between 
the reading speed and the reproduction speed. Since the minimum reading speed of the optical disk drive 503 is 500 
KBytes/sec and the required reproduction speed of MPEG1 is 1 .5 Mbps (1 87 KByte/sec); 

the number of prefetchable logical blocks per a unit time (blocks/sec) 
20 = (reading speed - reproduction speed) (Bytes/sec)/logical block size (Bytes/block) 

= (500 - 187)* 1024/512 ' 
= 626 (blocks/sec) 

Next, on the basis of the results of the above-mentioned calculations, a reading time of multimedia data required 
25 for reproduction during exchange of the optical disks is obtained. 

prefetching time (sec) 

= the number of logical blocks required for reproduction (blocks)/lhe number 

of prefetchable logical blocks per a unit time (blocks/sec) 
: 2992/626 
4.77 (sec) 
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From this result, the number of logical blocks to be prefetched is obtained. 
The number of logical blocks to be prefetched (blocks) 

= reading speed (Bytes/sec) * prefetching time (sec)/Iogical block size (Bytes/block) 
= 500 * 1024 * 4.77/512 
= 4770 (blocks) 

On the basis of this result, a prefetching start logical block address is obtained. 

prefetching start logical block address 
= the final recording position of data recorded in the 
optical disk "disk #r - the number of logical 
blocks to be prefetched +1 
= 8191 -4770 + 1 
= 3422 



50 



In step 5, the control means 102 controls the conveyer 504 in the library unit 500 by the library control means 101 
so that the optical disk "disk#r stored in the slot #10 is taken out of the storage shelf 502 and mounted in the optical 
disk drive 503. The control means 102 transmits data read from the optical disk "disk#r mounted in the optical disk 
drive 503. through the data transmitting and receiving means 1 03 in the server unit 1 00 and the network 650. to the data 
55 transmitting and receiving means 704 in the client 700. In the client 700. the compressed data are expanded by the 
MPEG decoder of the data reproducing means 707 and displayed on the display unit 703. 

In step 6. the control means 102 judges whether or not the reading position of the multimedia data "multiOl" 
reaches the prefetching start logical block When the reading position does not reach the logical block, step 10 is exe- 
cuted to continue reading and reproduction and. after judging whether the reproduction is ended in step 1 1. the control 
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means 1 02 returns to step 6. Thereafter, until the control means 1 02 judges that the prefetching start recording position 
is reached, steps 6 to 10 and step 1 1 are repeated, and reading and reproduction of multimedia data from the optical 
disk are continued. 

When the control means 102 judges in step 6 that the prefetching start position is reached, the control means 102 
5 proceeds to step 7 wherein prefetching of data is started from the prefetching 6tart logical block. The prefetched data 
are stored in the temporary storage means 111. 

When the prefetching in step 7 is ended, the control means 102 starts exchange of optical disks. The optical disk 
"disk#3" is mounted in the drive in the same manner as described for step 5. On the other hand, in step 8, the control 
means 1 02 judges whether the optical disk is in the process of being exchanged. When the optical disk is in the process 
io of being exchanged, the control means 102 proceeds to step 9 wherein the data transmitting and receiving means 103 
transmits the data stored in the temporary storage means 111. through the network 650. to the client 700. In the client 
700, the transmitted data are reproduced. 

The control means 1 02 confirms that all the data stored in the temporary storage means 1 1 1 are transmitted. Then, 
in step 10, the cprtfrol means 102 instructs the library control means 101 and the data transmitting and receiving means 
15 103 to start reading and transmission of multimedia data "multior from the optical disk *disk#3". Thereafter, the respec- 
tive steps mentioned above are repeated until the control means 102 judges in step 1 1 that the reproduced is ended. 

As described above, in the multimedia server system according to the sixth embodiment of the invention, when 
multimedia data recorded over plural optical disks is reproduced, the control means calculates the data position from 
which prefetching is started so that a portion of the multimedia data equivalent to the optical disk exchange time is 
20 stored in the temporary storage means, and prefetching and temporary storage are performed while performing reading 
and reproduction of multimedia data. Therefore, the data stored in the temporary storage means is transmitted during 
exchange of the optical disks, the reproduction of the multimedia data is not interrupted, that is. continuous reproduction 
is realized. 

25 [Embodiment 7] 

A multimedia server system according to a seventh embodiment of the present invention is identical to the system 
according to the sixth embodiment in that data equivalent to the time required for exchange of disks is temporarily 
stored, and the server system according to this seventh embodiment can deal with a request for jumping reproduction. 

30 The structure of the multimedia server system and the recording state of multimedia data according to this seventh 

embodiment are identical to those mentioned for the sixth embodiment. The operation of the server system when mul- 
timedia data are reproduced in response to a request from the client is identical to that according to the sixth embodi- 
ment. However, only when the client outputs a request for jumping reproduction and a logical block address to which 
the jumping reproduction is given is positioned after a prefetching start logical block address calculated in advance, the 

35 operation of the server system differs from that mentioned for the sixth embodiment. 

Figures 19(a) and 19(b) are diagrams for explaining problems in the jumping reproduction. As shown in figure 
19(a). in ordinary reproduction in the server system according to the sixth or seventh embodiment of the invention, 
when multimedia data recorded over plural disks is reproduced, a portion of the multimedia data equivalent to the disk 
exchange time is prefetched and stored in the temporary storage means. As described for the sixth embodiment, since 

40 this data is read and reproduced during the disk exchange time, continuous reproduction is realized. Figure 19(b) 
shows a case where a request for jumping reproduction is positioned after the prefetching start position. In this case, if 
the prefetching and temporary storage are performed from the designated reproduction start position, the amount of the 
multimedia data stored in the temporary storage means is insufficient when the disk H disk#r is exchanged for the next 
disk "disk#3' , 1 resulting in an interruption in the reproduction due to the exchange of the disks. 

45 This problem is solved in the multimedia server system according to this seventh embodiment of the invention. That 
is, in this system, multimedia data equivalent to the shortage of data in the temporary storage means is prefetched and 
stored temporarily and, thereafter, reading, temporary storage, and reproduction are performed from the designated 
position, whereby unwanted interruption in the reproduction due to exchange of the disks is avoided. 

Hereinafter, the operation of the multimedia server system according to this seventh embodiment will be described 

so for a case where a request for jumping reproduction from the client 700 designates, as a recording position on the opti- 
cal disk, a position after the prefetching start position which is calculated in advance. It is assumed that the prefetching 
start position corresponds to a logical block address 3422, and a logical block address 4000 is designated as the repro- 
duction start position. 

When the control means 102 receives a request for jumping reproduction designating a starting logical block 
55 address 4000 from the client 700 through the data transmitting and receiving means 103. the control means 102 com- 
pares the reproduction starting logical block address with the prefetching starting logical block address calculated 
according to the sixth embodiment, and finds that the reproduction starting logical block address 4000 is positioned 
after the prefetching starting logical block address 3422. 

Then, the control means 102 prefetches multimedia data between the prefetching starting logical block address 
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3422 and the reproduction starting logical block address 4000. and stores the prefetched data in the temporary storage 
means 111. 

When the prefetching is ended, the control means 102 starts reproduction of the multimedia data requested by the 
client 700. from the logical block address 4000. That is, although the multimedia data between the logical block 

5 addresses 3422 and 4000 is read in the temporary storage means and read out from the temporary storage means, this 
data is not reproduced in this stage. When reading of data after the requested address 4000 is started, the data 
between the logical block addresses 3422 and 4000 is transmitted and reproduced. The operation of the server system 
according to the seventh embodiment other than the above-mentioned operation is identical to the operation of the 
server system according to the sixth embodiment. 

io As described above, in the multimedia server system according to the seventh embodiment of the invention, when 
a jumping reproduction is requested after the prefetching starting logical block address, multimedia data between the 
prefetching starting logical block address and the reproduction requested logical block address is stored in the tempo- 
rary storage means. Therefore, shortage of the prefetched multimedia data due to the request of jumping reproduction 
is avoided, whereby unwanted interruption in the reproduction of multimedia data is avoidedeven when the jumping 

is reproduction is requested. ~ 

[Embodiments] 

In a multimedia server system according to an eighth embodiment of the invention, when a request for reproduction 
20 of multimedia data from a client is given to an optical disk which is in the process of reproduction, the request is refused 
to avoid interruption in reproduction. 

In this eighth embodiment, the structure of the multimedia server system, the hardware structures of the server and 
the client, the structure of the client, and the structure of the library unit are the same as those according to the first 
embodiment of the invention. 

25 Figure 20 is a block diagram illustrating a server unit 100 according to the eighth embodiment of the invention. In 
figure 20. reference numeral 115 designates a recording media storage means for storing correspondences between 
plural multimedia data and identification numbers of optical disks in which the multimedia data are recorded. Reference 
numeral 116 designates an identification number comparing means for comparing the identification numbers of the 
optical disks. The same reference numerals as those shown in figure 16 designate the same or corresponding parts. 
30 Figure 21(a) shows a data structure in the recording media storage means 115. and figure 21(b) shows specific data 
stored in the storage means 115. 

In the server system so constituted, as in the sixth embodiment of the invention, two multimedia data "multior and 
"multi02* are recorded in optical disks contained in the library unit 500. more specifically, the former is recorded over 
two optical disks "disk#1" and "disk#3". and the latter is recorded over three optical disks "disk#2". "disk#3", and 
35 *'disk#4". The recording media storage means 1 1 5 contains data shown in figure 2 1 (b) . 

The operation of the server system according to this eighth embodiment will be described on the assumption that 
two clients 700 and 701 are connected to the network, reproduction of the multimedia data "multiOl " has already started 
in the client 700. and the client 701 outputs a request for reproduction of the multimedia data "multi02". 

The control means 1 02 checks the contents of the recording media storage means 1 1 5 and finds that the requested 
40 data "multi02 M is recorded over three optical disks, identification numbers of which are "disk#2*\ "disk#3". and disk#4", 
respectively, and that the data "multiOl for which reproduction has already started, is recorded over two optical disks, 
identification numbers of which are "disk#1" and "disk#3 M , respectively. Then, the control means 102 compares the 
identification numbers of the optical disks stored in the recording media storage means 1 1 5 with each other by the iden- 
tification number comparing means 1 16. The identification number comparing means 1 1 6 informs, to the control means 
45 102. that one of the optical disks having the multimedia data "mult^" has the same identification number as "disk#3 ,t 
of the optical disk having the multimedia data "multiOl " which is now in the process of being reproduced. Then, the con- 
trol means 1 02 refuses the request for reproduction of "mult^" from the client 701 . 

In the server system according to the eighth embodiment, when the request from the client is not refused in the 
above-mentioned stage, the same operation as described for the sixth embodiment is performed to reproduce the 
so requested multimedia data. 

As described above, according to the eighth embodiment of the invention, the server system is equipped with the \ 
recording media storage means that stores identification numbers of optical disks in which plural multimedia data are 
recorded, for each multimedia data, and the identification number comparing means. The identification number com- 
paring means compares identification numbers of optical disks having multimedia data which is in the process of repro- 
55 duction with identification numbers of optical disks having newly requested multimedia data. When the new request is 
given to the optical disk in the process of reproduction, the request is refused because reading of plural multimedia data 
from the same disk exceeds the performance of the optical disk drive. As already described for the prior art system, in 
an optical disk drive that is inferior in performance than a magnetic disk drive, when plural multimedia data are repro- . 
duced from the same disk, reading of the data delays, adversely affecting the reproduction of the multimedia data. How- 
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ever, since the server system according to this eighth embodiment inhibits such a reproduction, undesired interruption 
in reproduction is avoided. 

[Embodiment 9] 

5 < 

A multimedia server system according to a ninth embodiment qf the invention checks requests for reproduction of 
multimedia data from clients and refuses to accept the request exceeding the reproducibility of the system, whereby 
unwanted interruption in the reproduction is avoided. 

In this ninth embodiment, the structure of the multimedia server system, the hardware structures of the server and 

w the client, the structure of the client, and the structure of the library unit are identical to those according to the first 
embodiment of the invention- 
Figure 22 is a block diagram illustrating a server unit 100 according to the ninth embodiment of the invention. In 
figure 22, reference numeral 1 1 7 designates a reproducible number storage means storing the number of multimedia 
data that can be reproduced simultaneously from each optical disk in the optical disk library unit 500. Refere:rce 

is numeral 1 18 designates a reproduction number storage means storing a reproduction number which is the sum 6t the 
number of multimedia data which is/are in the process of being reproduced and the number of multimedia data which 
is/are to be reproduced. In figure 22. the same reference numerals as those shown in figure 16 designate the same or 
corresponding parts. Figure 23(a) shows a data structure in the reproduction number storage means 1 18. and figure 
23(b) shows specific data of the content stored in the storage means 118. 

20 It is assumed that the number of multimedia data that can be read from a single optical disk is 2. so that "2" is stored 
in the reproducible number storage means 117. Three clients 700. 701 . and 702 are connected to the server system 
through the network, and multimedia data "multi03" and "multi04" are already reproduced by the clients 700 and 701 . 
respectively. The multimedia data "multi03" is recorded over two optical disks, identification numbers of which are 
"disk#r and "disk#2 M , respectively, and the multimedia data "multiO^ is recorded over two optical disks, identification 

25 numbers of which are "disk#2" and "disk#3". respectively. The reproduction number storage means 118 stores data 
shown in figure 23(b). 

The operation of the server system according to this ninth embodiment will be described for a case where the client 
702 requests for reproduction of multimedia data "multi06" which is recorded over two optical disks, identification num- 
bers of which are "disk#r and "disk#2". 
30 When the request for reproduction of "multi06 M from the client 702 is transmitted through the network to the server 
unit 100, the control means 102 receives the request through the data transmitting and receiving means 103. 

The control means 102 checks the contents of the reproducible number storage means 117 and finds that the 
number of multimedia data that can be reproduced simultaneously from each optical disk is 2. Then, from the contents 
of the reproduction number storage means 1 18. the control means 102 finds that the reproduction number of the optical 
35 disk "disk#1 " is 1 and the reproduction number of the optical disk "disk#2 M is 2. which disks have the data "mutti06'\ 

Next, the control means 102 adds 1 to the reproduction number of each optical disk having the data "muttioe". As 
a result, the reproduction number of the optical disk H disk#r becomes 2, and the reproduction number of the optical 
disk "disk#2 H becomes 3. Then, the control means 102 compares the result for each optical disk with the simultaneously 
reproducible number of multimedia data, i.e.. 2. stored in the reproducible number storage means 1 1 7. Since the repro- 
40 duction number of the optical disk "disk#2". i.e., 3. is larger than 2, the control means 1 02 refuses the request for repro- 
duction of "multi06" from the client 702. 

In the server system according to this ninth embodiment, when the request from the client is not refused in the 
above-mentioned stage, the same operation as described for the sixth embodiment is performed to reproduce the 
requested multimedia data. 

45 As described above, the multimedia server system according to this ninth embodiment is equipped with the repro- 
ducible number storage means that stores the number of multimedia data which can be reproduced simultaneously 
from each optical disk, and the reproduction number storage means that stores the reproduction number which is the 
sum of the number of multimedia data being reproduced now and the number of multimedia data to be reproduced later. 
When the server system receives a request for reproduction of multimedia data. 1 is added to the reproduction number 

so of each optical disk having the requested multimedia data and judges whether the result of the addition exceeds the 
number of the reproducible multimedia data. When it exceeds that number of the optical disk, the request is refused. 
Therefore, unwanted interruption in reproduction due to reproduction exceeding the ability of the optical disk drive is 
avoided. 

55 [Embodiment 10] 

A tenth embodiment of the present invention relates to an apparatus for continuously reproducing multimedia data 
recorded over plural disks. 

Figure 24 is a block diagram illustrating a hardware structure of the reproduction apparatus according to the tenth 
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embodiment of the invention. In figure 24, a disk l/F 301, a real-time clock 303, a CPU 304, a main storage unit 305, a 
magnetic disk unit 307. and an optical disk library unit 500 are identical to those shown in figure 2(a) (206, 202, 204, 
205, 207, and 500. respectively). Further, an MPEG decoder 302, a display speaker 308, a display l/F 309, and a key- 
board or mouse 310 are identical to those shown in figure 2(b) (21 1. 208. 209. and 210, respectively). 
5 Figure 25 is a block diagram of the reproduction apparatus viewed from the function. In figure 25. a library control 

means 101, a control means 102, an operating state storage means 104, a reproduction order storage means 105, a 
reproduction time storage means 106, and an exchange time storage means 109 are identical to those shown in figure 
3 according to the first embodiment. Further, a reproduction request accepting means 121 . a reproduction time meas- 
uring means 1 22, a data reproducing means 1 23, and a display 1 24 are identical to those shown in figure 4 (706, 705. 
w 707, and 703, respectively) according to the first embodiment. The correspondences between the hardware constitu- 
ents shown in figure 24 and the functional constituents shown in figure 25 are the same as those mentioned for the first 
embodiment. <■ 

The operation of the reproduction apparatus according to this tenth embodiment is identical to the operation of the 
server system according to the first embodiment except the operation of reproducing multimedia data in step 10 of the 
15 flowchart shown in figure 6. 

In step 1 0, the control means 102 transmits multimedia data read from the optical disk "disk#0" mounted in the opti- 
cal disk drive "DriveO" to the data reproducing means 123. wherein the MPEG compressed data is expanded by the 
MPEG decoder and displayed on the display 124. 

In the operation, the request for reproduction accepted by the reproduction request accepting means 121 and the 
20 result from the reproduction time measuring means 122 are transmitted directly to the control means 102, not through 
the data transmitting and receiving means and the network. 

As described above, also in the multimedia reproduction apparatus according to this tenth embodiment, as in the 
server-client system according to the first embodiment, multimedia data recorded over plural optical disks can be repro- 
duced without interruption due to exchange of the disks. 
25 The apparatus may be provided with, in place of the operating state storage means, a reservation data storage 
means and a dock as in the second embodiment of the invention. 

When the structure according to this tenth embodiment is applied to the server unit in the multimedia server system 
according to the first or second embodiment, reproduction of multimedia data is realized in the server unit. In this case, 
the result of reproduction in the client can be confirmed by the server. 

30 

[Embodiment 11] 

An eleventh embodiment of the present invention relates to an apparatus for continuously reproducing multimedia 
data recorded over plural disks. 

35 The hardware structure of the reproduction apparatus according to this eleventh embodiment is identical to that 

shown in figure 24 according to the tenth embodiment. 

Figure 26 is a block diagram of the reproduction apparatus viewed from the functions. In figure 26, a library control 
means 101 , a control means 102, and a disk exchange time storage means 109 are identical to those shown in figure 
3 according to the first embodiment. A temporary storage means 1 1 1 . a data recording position storage means 1 12. a 

40 reading speed storage means 113, and a reproducing speed storage means 1 1 4 are identical to those shown in figure 
16 according to the sixth embodiment A reproduction request accepting means 121. a data reproducing means 123, 
and a display 1 24 are identical to those shown in figure 4 (706, 707. and 703, respectively) according to the first embod- 
iment. The correspondences between the hardware constituents shown in figure 24 and the functional constituents 
shown in figure 26 are the same as those mentioned for the first embodiment. 

45 The operation of the reproduction apparatus according to this eleventh embodiment is identical to the operation of 
the server system according to the sixth embodiment except steps 5. 9, and 10 for reproducing multimedia data, in the 
flowchart shown in figure 18. More specifically, in this eleventh embodiment, the control means 102 transmits data read 
from the optical disk or the temporary storage means 1 1 1 to the data reproducing means 1 23, wherein the MPEG com- 
pressed data is expanded by the MPEG decoder and displayed on the display 1 23. 

so In the operation, the request for reproduction accepted by the reproduction request accepting means 121 and the 

result from the reproduction time measuring means 122 are transmitted directly to the control means 102, not through" 
the data transmitting and receiving means and the network. 

As described above, also in the multimedia reproduction apparatus according to this eleventh embodiment, as in 
the server-client system according to the sixth embodiment, multimedia data recorded over plural optical disks can be 

55 reproduced without interruption due to exchange of the disks. 

While the structure of the apparatus according to this eleventh embodiment is based on the server system accord- 
ing to the sixth embodiment, it may be based on the server system according to the third or fourth embodiment to realize 
a continuous reproduction by reading and reproducing data temporarily stored during exchange of disks. 

In the multimedia server system according to any of embodiments 3 to 6, when the structure according to this elev- 
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2. The method of claim 1 comprising steps of: 
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J. The method of claim 1 comprising steps of: 
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starting reading and reproduction of the multimedia data from the next optical disk immediately after the read- 
ing of the multimedia data stored temporarily is completed. 



The method of claim 4 comprising steps of: 

*' 

storing order of the plural optical disks to reproduce the multimedia data from the optical disks, and a time 
required for the reproduction of the multimedia data from each optical disk; 

mounting one of the optical disks in the optical disk drive, and calculating a prefetching speed for prefetching 
the multimedia data from the optical disk, which speed enables a prefetching within a time range obtained by 
subtracting the time required for exchange of the optical disks from the stored time required for reproduction; 
prefetching the multimedia data from the optical disk at the calculated speed and temporarily storing the 
prefetched data and, thereafter, reading and reproducing the multimedia data stored temporarily; 
mounting the next optical disk in the optical disk drive according to the stored reproduction order, during the 
treading and reproduction of the multimedia data stored temporarily, when the remaining reproduction time of 
the optical disk, which time is obtained by subtracting the time taken by the reproduction from the stored time 
required for the reproduction, becomes shorter than the time required for exchange of optical disks; and 
starting reading and reproduction of the multimedia data from the next optical disk immediately after the read- 
ing of the multimedia data stored temporarily is completed. 

The method of claim 4 comprising steps of: 



storing order of the plural optical disks to reproduce the multimedia data from the optical disks; 
before the reading and reproduction of the multimedia data from one of the optical disks, calculating a prefetch- 
ing start position of the optical disk, which position enables prefetching of the multimedia data by an amount 
larger than an amount equivalent to the time required for exchange of the optical disks, during the reading and 
reproduction; 

reading and reproducing the multimedia data from the optical disk in the optical disk drive and, when the 
recording position on the optical disk reaches the prefetching start position, prefetching the multimedia data 
from the prefetching start position and then storing the prefetched data temporarily; 

starting reading and reproduction of the multimedia data stored temporarily when the prefetching of the multi- 
media data recorded in the optical disk is completed and, during the reading and reproduction, mounting the 
next optical disk in the optical disk drive according to the stored reproduction order; and 
starting reading and reproduction of the multimedia data from the next optical disk immediately after the read- 
ing of the multimedia data stored temporarily is completed. 



The method of claim 7 wherein, when the reproduction of multimedia data is performed according to a request for 
reproduction designating a reproduction start position and the reproduction start position is, as a recording position 
on the optical disk, after the prefetching start position, multimedia data recorded between the prefetching start posi- 
tion and the reproduction start position are prefetched and stored temporarily, in advance of reading and reproduc- 
tion according to the request. 



The method according to any of claims 4 to 8 wherein, during reading of the multimedia data from the optical disk 
in the optical disk drive, the next optical disk is moved to a storage place nearest to the optical disk drive in the opti- 
cal disk library unit. 



A method for reproducing multimedia data in response to plural requests for reproduction using an optical disk 
library unit having at least one optical disk drive, wherein, when a new request for reproduction of multimedia data 
is given to the optical disk library unit during reproduction of multimedia data recorded over plural optical disks, this 
new request for reproduction is refused if an optical disk haying the multimedia data requested by the new request 
is the same as one of the plural optical disks having the multimedia data being reproduced. 

A method for reproducing multimedia data in response to plural requests for reproduction using an optical disk 
library unit having at least one optical disk drive, the method comprising steps of: 

storing an upper limit of the number of multimedia data that can be reproduced simultaneously from a single 
optical disk; 

storing a reproduction number for each optical disk contained in the optical disk library unit, which reproduction 
number is the sum of the number of multimedia data being reproduced from the optical disk and the number of 
multimedia data to be reproduced later from the optical disk; 
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(500); -.g- 
a reproduction time storage means (106) for storing the time required for reproduction of multimedia data from- 
each optical disk; 

a reproduction time measuring means (705) for measuring the time during which reproduction of the multime- 
5 dia data is performed; * 

a temporary storage means (11 1) for temporarily storing multimedia data read from the optical disk; 
a control means (102) for controlling reading of multimedia data from the optical disk library unit (500) and dis- 
tribution of the multimedia data to the clients, in response to requests for reproduction of multimedia data from 
the clients; 



wherein, when multimedia data recorded over plural optical disks is requested, the control means (102) 
reads multimedia data by an amount larger than an amount equivalent to the content of the exchange time storage 
means (109) and stores the data in the temporary storage means (1 1 1 during reading and reproduction of the 
multimedia data from one of the optical disks, and when the remaining reproduction time of the opticahdisk, which 
is is calculated from the content of the reproduction time storage means (106) and the result of measurement by the 
reproduction time measuring means (705), becomes lower than the content of the exchange time storage means . 
(109), the control means (102) controls exchange of the optical disks according to the content of the reprodudiorW 
order storage means (105), during reading and reproduction of the temporarily stored multimedia data. *#" 

20 15. A multimedia server system (Figs. 1 & 16) comprising an optical disk library unit (500) wherein multimedia data 
recorded in plural optical disks are processed by at least one optical disk drive, and a server (100) for distributing 
the multimedia data recorded in the optical disks to plural clients (700, 701 . 702 ...). said system being character- 
ized by: 



25 an exchange time storage means (109) for storing the time required for exchange of the optical disks within the 

optical disk library unit (500); 

a data recording position storage means (1 12) for storing positions where the multimedia data are recorded in 
the optical disks; 

a reading speed storage means (113) for storing a possible reading speed of the optical disk drive; 
30 a reproducing speed storage means (114) for storing a reading speed required for reproduction of the multime- 

dia data; 

a temporary storage means (1 1 1) for temporarily storing the multimedia data read from the optical disks; 
a control means (102) for controlling reading of multimedia data from the optical disk library unit (500) and dis- 
tribution of the multimedia data to the clients, in response to requests for reproduction of multimedia data from 
35 the clients; 

wherein, when multimedia data recorded over some of the optical disks is requested, the control means 
( 1 02) calculates a prefetching start position on the basis of the contents of the exchange time storage means ( 1 09) . 
the data recording position storage means (112), the reading speed storage means (113), and the reproducing 
40 speed storage means (1 14), in advance of reading and reproduction of the requested data from the optical disks, 
and the control means (102) controls prefetching of the multimedia data from the prefetching start position and stor- 
age of the data in the temporary storage means (111). during reading and reproduction of the multimedia data, and 
thereafter, the control means (102) controls reading and reproduction of the multimedia data stored in the tempo- 
rary storage means (111) when the optical disk in the disk drive is exchanged for another optical disk. 

45 

16. A multimedia server system (Figs. 1 & 20) comprising an optical disk library unit (500) wherein multimedia data 
recorded in plural optical disks are processed by at least one optical disk drive, and a server (100) for distributing 
the multimedia data recorded in the optical disks to plural clients (700, 701. 702 ...). said system being character- 
ized by: 

50 > 

a recording media storage means (115) for storing, for each multimedia data, an identification number that 
shows an optical disk in which the multimedia data is recorded; 

an identification number comparing means (1 16) for comparing the identification numbers of the plural optical 
disks with each other; and 

55 a control means (102) for accepting or refusing a request for reproduction of multimedia data from the client, 

on the basis of the result of the comparison by the identification number comparing means (116). 

17. A multimedia server system (Figs. 1 & 22) comprising an optical disk library unit (500) wherein multimedia data; 
recorded in plural optical disks are processed by at least one optical disk drive, and a server (100) for distributing 
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30 



the multimedia data recorded in the optical disks to plural clients (700, 701 , 702...). said system being character- 
ized by: 

a reproducible data number storage means (117) for storing an upper limit of the number of multimedia data 
that can be reproduced simultaneously from each optical disk; * 

a reproduction number storage means (11B) for storing a reproduction number of each optical disk, which 
reproduction number is the sum of the number of multimedia data being reproduced from the optical disk and 
the number of multimedia data to be reproduced later from the optical disk; and 

a control means (102) for accepting or refusing a request for reproduction of multimedia data from the client 
on the basis of the contents of the reproducible data number storage means (117) and the reproduction 
number storage means (118). 

18. The multimedia server system according to any of claims 12 to 15 (Fig. 20) further comprising: 

■ * 

a recording media storage means (1 15) for storing, for each multimedia data, an identification number that 
shows an optical disk in which the multimedia data is recorded; 

an identification number comparing means (1 16) for comparing the identification numbers of the plural optical 
disks with each other; and 

said control means (102) accepting or refusing the request for reproduction of multimedia data from the client 
on the basis of the result of the comparison by the identification number comparing means (116). 

1 9. The multimedia server system according to any of claims 1 2 to 1 5 (Fig 22) further comprising: 

a reproducible data number storage means (1 17) for storing an upper limit of the number of multimedia data 
that can be reproduced simultaneously from each optical disk; 

a reproduction number storage means (118) for storing a reproduction number of each optical disk, which 
reproduction number is the sum of the number of multimedia data being reproduced from the optical disk and 
the number of multimedia data to be reproduced later from the optical disk; and 

said control means (102) accepting or refusing the request for reproduction of multimedia data from the client 
on the basis of the contents of the reproducible data number storage means (117) and the reproduction 
number storage means (1 18). 
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Fig.7 (a) 
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Fig. 7 (b) 
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Fig.7 (c) 

data stored in reproduction time storage means 106 
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Fig.7 (d) 
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Fig.9 (a) 
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Fig.9 (b) 




data sturcture showing reproduction order of multimedia data recorded 
over plural optical disks and storage place of each optical disk 
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Fig.9 (c) 
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Fig.1 1 (a) 
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Fig.23 (a) 
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